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Abstract  
 pelecypod shell originated from Kolleru lake of Andhra Pradesh is used in the 
present work.  It contains Mn(II) and Fe(III) in traces.  The EPR spectrum of the 
compound is due to Mn(II) which is in three independent sites .  The three g values are 
evaluated with slight differences.  The hyperfine component varies from 9.33 mT to 9.49 
mT. The zero field splitting parameter is also ranges from 43.8(1) mT to 44.1(1) mT.   
Using the covalence parameter the number of ligands around metal is estimated as 
twenty. In EPR spectrum Fe(III) is identified.  The optical absorption spectrum is 
attributed to Mn(II) in octahedral geometry.  Further 10 Dq band is attributed to Fe(II) in 
the optical absorption spectrum.  NIR spectral results are due to water fundamentals.  
Where as IR and Raman spectrum is due to carbonate ion fundamentals. 
 
   
Introduction 
 
 Soft-bodied un-segmented animals with shell either external or internal placed 
under the phylum mollusca.    Based on external features mollusca is classified into five 
classes.  They are amphineura, scaphopoda, gastropoda, pelecypoda and cephalopoda.    
Ox-shaped foot bearers are pelecypods.  In these, two shell valves externally cover the 
body.  They usually live nearly buried in mud or sand at the bottom of fresh water pond 
or lake.  When the structure of shell is observed through a cross-section it consists of 
three layers called periostracum, prismatic layer and pearly layer. Among these 
periostracum is the outermost greenish-brown thin, translucent, horny layer, formed by a 
chitin-like horny organic substance, the conchiolin.    The prismatic layer is the middle 
layer consists of minute prisms or crystals of calcium carbonate and gives strength to the 
shell.  Pearly layer or nacreous layer consists of a smooth iridescent surface.  Further it 
contains alternate layers of calcium carbonate and conchiolin.  Soft body parts, outer 
periostracum and middle prismatic layers of the dead animal  gradually get decomposed 
by the action of microorganisms.  The organic substance present in the pearly layer of 
shell gradually undergoes fossilasation.  Under these circumstances calcium ions may be 
replaced by magnesium, manganese, iron ions.  The proportion of the CaCO3 in the entire 
shell varies from 89 to 99 %, whereas that of phosphate of lime from 1 o 2 % [1].   
Mollusca fossils have the importance in identifying petroleum or valuable oil deposits 
and also in the preparation of pearl. Electron paramagnetic resonance (EPR) studies on 
the shells of  seawater mussel mytilus conradinus  and  the exoskeletons of fresh water 
snail, pila globosa were reported [2,3]. No attempt has been made with respect to optical 
absorption and electron paramagnetic resonance (EPR) studies on pelecypod shell.  
Therefore in this work the authors report the EPR, optical absorptionl, Raman and IR 
spectral studies of pelecypod shell at room temperature. 
 
Experimental Studies 
  
A pink powdered sample of pelecypod from Kolleru, Andhra Pradesh, India,           
(Museum No: R1017) is used in the present work.  EPR spectra of the powdered sample 
are recorded at room temperature (RT) on JEOL JES-TE100 ESR spectrometer operating 
at X-band frequencies (υ = 9.1-9.5 GHz), having a 100 KHz field modulation to obtain a 
first derivative EPR spectrum. DPPH with a g value of 2.0036 is used for g factor 
calculations. Optical absorption spectrum of the sample was recorded at room 
temperature in the region 200- 2000 nm on a Varian Cary 5E UV-Vis- NIR 
spectrophotometer.  The spectra were transformed according to the Kubelka-Munk 
algorithm.  NIR spectrum of the sample was recorded on a Nicolet Nexus FT-IR 
spectrometer with a Nicolet near IR fibreport accessory.   A white light source was 
employed with a quartz beam splitter and TECNIR.  The powdered shell sample was 
placed and oriented on the stage of an Olympus BHSM microscope, equipped with 10x 
and 50x objectives and part of a Renishaw 1000 Raman microscope system.  Raman 
spectra were excited by He-Ne laser (633nm) at a resolution of 2 cm-1 in the range 
between 100 and 4000 cm-1.  Other details of the experimental technique were similar to 
those employed earlier [4,5]  
 
Spectroscopic manipulations such as baseline adjustment, smoothing and 
normalization were performed using the Spectracalc software package GRAMS (Galactic 
Industries Corporation, NH, USA). Band component analysis was undertaken using the 
Jandel “PEAKFIT” software package which enabled the type of fitting function to be 
selected and specific parameters to be fixed or varied accordingly.  Band Fitting was 
carried out using a Gauss-Lorentz cross product function with a minimum number of 
component bands used for the fitting process.  The Gauss-Lorentz ratio was maintained at 
values greater than 0.7 and fitting was undertaken until reproducible results were 
obtained with squared correlations of r2 greater than 0.9975. 
 
EPR spectral analysis 
 
   Pelecypod shell sample collected from our Geology department museum (R 1017. 
fossil) is used in the present studies.  Fine powder of shell sample is transferred into a 
quartz tube for EPR measurements.  The EPR spectrum of the sample obtained at room 
temperature is shown in Fig.1. The spectrum indicates the presence of Mn(II)  and Fe(III) 
impurity in the shell.  Fig. 2.shows the expanded form of the sample.  It contains a strong 
sextet at the centre of the spectrum corresponding to the electron spin transition +1/2> to  
-1/2>.  Generally, in most of the cases, the powder spectrum is characterized by a sextet, 
corresponding to this transition.  The other four transitions, corresponding to  ±5/2> ↔ 
±3/2> and  ±3/2>↔ ±1/2> are not seen due to their high anisotropy in D. The expanded 
version of the powder spectrum (Fig. 2) indicates the presence of at least three types of 
Mn(II) impurities in the pelecypod shell.  The sixth manganese hyperfine resonance 
clearly contains three lines (marked by a, b and c).  The third Mn(II) site is of very low 
intensity.  The extra set of resonances in between the main sextet is due to the forbidden 
transitions. The intensity variations are also contribution due to the zero field splitting 
parameter. From the powder spectrum of the compound, the following parameters have 
been calculated using the spin- Hamiltonian of the form [6]:  
 H = βBgS + D ( ) ⎥⎦⎤⎢⎣⎡ ++− SAISSSZ 312  
Here the symbols have their usual meaning. 
 
          Site I:   g = 2.002(1), A = 9.33(2) mT; and D = 43.8(1) mT. 
 Site II:   g = 1.990(2), A = 9.41(2) mT; and D = 44.1(1) mT.  
 Site III:  g = 1.987(1), A = 9.49(2) mT; and D = 44.1(1) mT.  
 
This large value of D indicates a considerable amount of distortion around the central 
metal ion.    These values are in agreement with those obtained for Mn(II) in calcite 
lattices.[ 7,8].   As EPR is highly sensitive to Mn(II) impurity, three sites have been 
noticed in the EPR spectrum.  These two sites (site II and site III) have close spin 
Hamiltonian parameters.  A close look at the EPR spectrum indicates a non-zero value 
for E, which is very difficult to estimate from powder spectrum.   
 The observed higher g value of 4.30 is assigned to Fe(III) in the shell.  A close 
look at the center of the EPR spectrum indicates a broad line underneath the Mn(II) 
sextet.  This can be attributed to the iron impurity in the sample.  Generally, Fe(III) and 
Fe(II) impurities will give rise to a broad line around g = 2. No further information can be 
obtained with regard to iron impurity from the powder spectrum recorded at room 
temperature and low temperature. 
 
The hyperfine constant ’A’ value provides a qualitative measure of the ionic 
nature of bonding with Mn(II) ion. The percentage of covalency of Mn-ligand bond has 
been calculated using ‘A’  (9.33 mT) value obtained from the EPR spectrum and with 
Matumura’s plot [9]. It corresponds to an ionicity of 94%.  Also the approximate value of 
hyperfine constant (A) is calculated by using covalency (C) using the equations [10,11] 
Aiso = (2.04C – 104.5) 10-4 cm-1. 
The value obtained is 92x 10-4 cm-1.  This calculated value agrees well with the observed 
hyperfine constant (93.3 x 10-4 cm-1) indicating ionic character for Mn-O bond in the shell 
under study.   
 Using the covalency ©, the number of ligands around Mn(II) ion is estimated 
using the equation [10] 
  ( ) ( )[ ]2035.016.011 qpqp XXXXnC −−−−=  
Electronagativities XP and Xq of metal and ligand.  Assuming Xp = XMn = 1.4 and Xq = 
XO = 3.5 the number of ligands (n) obtained are 20. This suggests that Mn(II) may be 
surrounded by  four −23CO  and two oxygens. Further the g value for the hyperfine 
splitting was indicative of the nature of bonding.  If the g value shows negative shift with 
respect to free electron g value (2.0023), the bonding is ionic and conversely, if the shift 
is positive then the bonding is more covalent in nature [12]. In the present work, from the 
observed negative (2.002-2.0023 = -0.0003) shift in the g value, it is apparent that the 
Mn(II) is in an ionic environment. 
 
Optical absorption spectral analysis 
 
Fig.3. shows the optical absorption spectrum of shell sample in the range 200-
2000 nm at room temperature. It reveals the existence of 
10885,17665,21070,23045,26460,27700,37340 and 47970 cm-1 bands in the UV-Vis 
region.  The spectrum discussed here has all the features that appear due to various 
electronic transitions involving manganese. The observed bands have been assigned to 
the d-d transitions of the d5 ion having ground state 6A1g(S) following Tanabe Sugano 
diagrams [13]. In a lower symmetry environment, the Mn(II) ion exhibits bands 
corresponding to the transitions from the ground state 6A1g(S)  to 4T1g(G), 4T2g(G), 
4Eg(G), 4T1g(G), 4A1g( G), 4T2g(G), 4Eg(D), 4T1g(P) states respectively with increasing 
order of energy[14].   The ligand field bands are sharp when the energy expressions for 
the corresponding transitions are independent of the crystal field (Dq) or when the 
number of t2g electrons is same in both and excited and ground states [15]. In an 
octahedral crystal field the states 4Eg(G),  4A1g( G) are normally degenerate but sometimes 
their degeneracy is lifted by the covalency in the compound [16]   Therefore the bands 
are assigned to6A1g(S)  to 4Eg(G), 4A1g( G). Accordingly the sharp band observed at 
23045 cm-1 is attributed to the above transition in the compound.  
   
  Assignment of each band to an appropriate electronic transition is difficult due to 
complexity of the transitions and multiplicity and distortions of the sites occupied by the 
transition metal ion. Therefore the energy matrices for d5 configuration are solved for 
different Dq, B and C with Trees’s correction term.  The following values give best fit to 
the observed values.  Dq= 725, B=750 and C=2900 cm-1 and ∝ = 75 cm-1 . Observed and 
calculated values of Mn(II) in octahedral site in  the sample are presented in Table  1.  
The Dq, B, C for various crystal lattices containing Mn(II) ions for comparison [3,17-19] 
are given in Table 2 along with the values observed in the present work.  From the Table 
2 it can be concluded that the site symmetry is highly distorted octahedral. 
  The band observed at 10885 cm-1 is broad and intense which is characteristic of 
Fe(II) ion occupying octahedral environment in the sample. It is assigned to the transition 
5T2g  → 5Eg and is taken as 10Dq.   
 
Mid infrared spectral analysis 
  
The mid infrared spectrum of the pelecypod sample recorded at room temperature 
is shown Fig.4.  All the features in the spectrum of are characteristic of carbonate and 
water groups. 
 
Infrared and Raman spectroscopy provide sensitive test for structural distortion of 
−2
3CO [20]. The carbonate ion has six normal modes of vibrations. A molecular ion 
−2
3CO  
with D3h point group in a lattice exhibits generally four normal modes of vibration. [21-
22]. They are symmetric stretch ( )'1υ , an out-of-plane bend (ν2), a doubly degenerate 
asymmetric stretch (ν3) and another doubly degenerate bending mode (ν4).  The 
symmetries of these modes are  ( )RA '1    + ( )IRA ''2  + ( )IRRE ,'   + ( )IRRE ,''  
 and occur at 1063, 879, 1415 and 687 cm-1 as the symmetric vibration ν1( '1A )is reported 
to be infrared inactive.  Generally intense IR and weak Raman peaks at 1400 cm-1 are due 
to ν3 ( )'E .  IR modes near 880 cm-1 are due to the out-of- plane bend (ν2).  IR and Raman 
modes around 700 cm-1 region are due to the in-plane bending mode (ν4).  This mode is 
doubly degenerate for undistorted −23CO groups.   As the carbonate groups become 
distorted from regular planar symmetry, this mode splits into two components. The bands 
observed in the mid-IR spectrum at 5018,5158, 5228, 5330 cm-1 are assigned to 
combination tones 3ν1+2ν2, ν2 + 3ν3, 2ν2 + 2ν3 +ν4 of carbonate ion. Also the bands 
observed at 4502, 4346, 4273 cm-1 are assigned to combination and over tones (4ν1), (ν1 + 
2ν2+2ν4) and (2ν1+ν2 +2ν4) of carbonate ion.  These assignments are in accordance with 
the spectral features of other carbonates present in inorganic compounds [23].  These 
assignments agree well with the calculated values and are given in Table 3. H2O gives 
three fundamental modes.   They are ν1 , ν2  and ν3 .  ν1 represents symmetric OH stretch, 
ν2 the asymmetric OH stretch and ν3 the H-O-H bend respectively. In vapour phase they 
are ν1, ν2 and ν3 and occur at 3652,1595 and 3756 cm-1 respectively. [24].  In liquid phase 
they are shifted to 3219, 1645 and 3445 cm-1, whereas in solid phase they are shifted to 
3200, 1640 and 3400 cm-1.  The shifts of ν1 and ν3 towards the lower frequency side and 
of ν2 towards the higher frequency side are characteristic of hydrogen bonding. [21].  In 
general, whenever water is present in compound, a characteristic band appear around 
7000 cm-1 due to 2ν3. When the band is broad it indicates that water molecules are 
relatively disordered and when the bands are sharp it indicates that water molecules are 
located in well defined ordered sites. [25].  Accordingly, the weak broad band observed 
at 6843 with component at 7061  cm-1  is   attributed to water (ν2 +ν3 ) vibrations.  
.  
 
 
IR and Raman Spectroscopy 
 
 For the analysis of vibrational spectra of pelecypoda shell both ATR-IR and 
Raman spectra are shown in the Fig. 5 (a) & (b) one over the other for convenience.  The 
vibrational analytical data with other reported [26-28] samples are presented in Table 4.  
The intense sharp band observed in IR spectrum at 874 cm-1 has been assigned to ν2 (A2) 
mode.[29]   The broad band at 1419 cm-1 with maximum half width and with two 
components (1309 , 1402 cm-1) are assigned to ν3 (E) mode of −23CO  ion and is 
conformably of the CaCO3 material.  The band at 712 cm-1 both in IR and Raman spectra 
corresponds to ν4(E) in-plane deformation.  Also the absence of the IR inactive mode 
ν1(A1) suggests that there is no break down of symmetry to that of free −23CO radical and 
thus an indicative of the D3h symmetry corresponding to the calcitic form of the CaCO3.  
The most intense band at 1084 cm-1 in the Raman spectrum is identified as ν1 the 
symmetric stretching mode.  The CO symmetric stretching mode is also activated in the 
IR spectrum at 1027 cm-1.  In the Raman spectrum, one sharp band observed at 284 cm-1 
is attributed to metal-oxygen stretching vibration.  In the ATR-IR spectrum the bands 
observed at 1796 and 2513 cm-1 are in good agreement with the bands observed for 
−2
3CO in CaCO3 lattices [30].  
 
Conclusions 
 
1.  The EPR results of the shell sample shows that both Fe(III) and Mn(II) are present in  
      the compound and Mn(II) present  in   distorted octahedral environment.  The    
      percentage of covalency obtained for Mn(II) is 6%. The observed and calculated A  
      values are in good agreement.   Also the EPR results suggest  that  Mn(II) is placed     
     between four carbonate ions and two oxygen atoms  octahedral  geometry 
 
2.  The optical absorption studies indicate that Mn(II) ion in the sample is present in   
distorted octahedral environment.  The crystal field and Racah parameters evaluated 
are Dq =  725, B = 750 and C = 2900 cm-1and ∝ = 70 cm-1.  
 
3.  The mid-infrared spectrum of pelecypod shell is assigned to overtones and 
combination tones of carbonate and water fundamentals. 
 
4. The IR and Raman spectral data of pelecypod shell is compared with the data of  
published carbonate compounds. 
 
 
 
 
 
 
 
 
Table 1 
Band headed data with assignments for Mn(II) 
 in Phylicopoda shell . 
                  Dq= 725,  B= 750 and C =2900 cm-1and ∝ = 75 cm-1 
Wave number (cm-1) Wavelength 
(nm) Observed Calculated
Transition 
from 
6A1g(S) 
566 
 
475 
 
434 
 
378 
 
361 
 
268 
 
208 
17665 
 
21070 
 
23045 
 
26460 
 
27700 
 
37340 
 
47970 
17710 
 
21512 
 
23473 
 
26190 
 
27727 
 
37700 
 
CT 
4T1g(G) 
 
4T2g(G) 
 
4E(G), 4A1g (G) 
 
4T2g(D) 
 
4Eg(D) 
 
4A2(G) 
 
-- 
 
 
 
 
 
 
Table 2 
Comparison of Dq, B, C values of Mn(II) in various compounds 
Parameters (cm-1) Sino Compound 
Dq B C α 
Reference 
1 
2 
 
3 
 
4 
MgAl2O4 
Ostracum of P 
Globosa shell 
Ostracum of  operculum 
of P globosa 
L. Marginallis shells 
720 
750 
 
750 
 
745 
740 
750 
 
725 
 
745 
 
2850 
 
2950 
 
3090 
 
76 
 
76 
 
 
17 
3 
 
3 
 
18 
5 
6 
Apjohnite mineral 
Pelecypod shell 
600 
725 
900 
750 
3290 
2900
90 
75 
19 
Present work 
 
 
 
 
 
 
 
Table 3 
Band head assignments for −23CO  in 
pelecypod shell at room temperature. 
Observed 
energies 
cm-1 
Calculated 
energies 
cm-1 
Assignments 
5330 
5228 
5158 
5018 
4502 
4346 
4273 
 
5298 
 
5131 
5000 
4464 
4336 
4260 
 
2(ν2+ν3)+ν4 
ν2+3ν3 
3ν1+2ν2 
2ν1+ν2+2ν4 
4ν1 
ν1+2(ν2+ν4) 
 
 
 
 
Table 4 
Vibrational spectroscopic data of selected carbonate compounds 
Vibrational modes (IR and Raman ) cm-1 
ν1 ( )( )RA '1  ν2 ( )( )IRA '2 ν3 ( )( )RIRE ,'  ν4 ( )( )RIRE ,''
Compound 
Raman IR IR Raman IR Raman
Overtone 
(2ν2) 
Reference
Calcite  
 
Magnesite 
 
Gaspeite 
 
Mytilus 
conradinus 
shell 
 
Pelecypoda  
shell 
1085 
 
1093 
 
-- 
 
-- 
 
 
 
1084 
876 
 
887 
 
876 
 
876 
 
 
 
874 
1435
 
1450
 
1429
 
1424
 
 
 
1419
1434 
 
1444 
 
-- 
 
-- 
 
 
 
-- 
712 
 
748 
 
751 
 
713 
 
 
 
712 
711 
 
738 
 
-- 
 
-- 
 
 
 
712 
1748 
 
1762 
 
-- 
 
1797 
 
 
 
1796 
26 
 
26 
 
27 
 
28 
 
 
 
This   
work 
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Fig. 4.  NIR spectrum of pelecypod shell in the 4000 to 7500 cm-1 region.
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Fig. 5a.  ATR-IR spectrum of pelecypod shell in the 500 to 
3000 cm-1 region.  
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Fig. 5b.  Raman spectrum of pelecypod shell in the 200 to 2000 cm-1 region.  
